Computational Approaches in Supporting Special Education Domain: A Review by Mohemad, Rosmayati et al.
  e-ISSN: 2289-8131   Vol. 9 No. 3-5 61 
 
Computational Approaches in Supporting Special 
Education Domain: A Review 
 
 
Rosmayati Mohemad, Nur Fadila Akma Mamat, Noor Maizura Mohamad Noor and Arifah Che Alhadi 
Software Technology Research Group (SofTech), School of Informatics and Applied Mathematics,  




Abstract—Children with learning disabilities, emotional and 
behavioral problems are unable to accommodate with the 
standard educational programs. They are known as special 
children. Thus, special education is needed to support teaching 
and learning for this special children. In recent years, there has 
been an increase in the use of computational approaches to 
simplify various issues in special education. However, a 
comprehensive review that gives an overview about to what 
extent computational approaches are integrated and applied to 
support various issues in special education domain is still 
lacking. Thus, the objective of the paper is to explore to what 
extent the existing computational approaches are used in 
supporting the field of special education recently especially in 
categorizing children with learning disabilities and 
recommending an appropriate technique to increase their 
quality of life. Systematic Literature Review (SLR) is applied to 
perform this study. As a consequence, only studies from the year 
2009 onwards have been searched. In summary, the main 
finding of this work shows that learning disabilities are the most 
recent topic that gets attention to research and there is a few 
research using an ontology to classify children with learning 
disability. 
 
Index Terms—Computational Approach; Learning 




Education is one of the fundamental factors for a national 
development and economic growth, thus playing a vital role 
in developing a country. Over the past decade, under Early 
Childhood Care and Education (ECCE) as advocated by 
UNESCO, various traditional educational programs have 
been established in helping children develop to their full 
potential starts as early as childhood [1]. However, children 
with learning disabilities, emotional and behavioral problems 
are unable to accommodate with the standard educational 
programs. These children are called special children as they 
require special supports and accommodation suitable for 
them, especially in educational needs. Children with special 
needs are unable to give full attention in the traditional 
learning approach [2]. They have a unique characteristic that 
needs to be supported with special educational programs. 
Based on Individuals with Disabilities Education Act 
(IDEA), special education is divided in thirteen categories as 
depicted in Figure 1 [3]. 
Special education is essential to support teaching and 
learning for special children. Various critical issues in this 
domain have been continuously discussed among researchers. 
One of the issues is the lack of awareness and knowledge 
among communities and parents that lead to the negative 
attitude in accepting limitations in the potential of special 
children and unconscious about the significance of special 
education for such children [4],[5]. In addition, the lack of 
knowledge also creates misunderstanding among parents and 
practitioners in deciding on appropriate diagnosis and 




Figure 1: Thirteen Categories of special education based on IDEA 
 
In recent years, there has been an increase in the use of 
computational approaches to simplify various issues in 
special education. Technological advancement has led to the 
use of various computerized approaches in identifying 
children with special needs [7]–[21] and recommending 
appropriate activity to help the students based on their needs 
[22]. Moreover, the advancement of new technology also has 
helped them learn in school [23]–[31]. For example, the 
integration of computer technology as an assistive tool in the 
classroom appears to attract special children to acquire 
knowledge, help them confront society and achieve their true 
potential [2]. However, a comprehensive review that gives an 
overview about to what extent computational approaches are 
integrated and applied to support various issues in special 
education is still lacking. 
Thus, this paper has the objective of exploring to what 
extent the existing computational approaches are used in 
supporting the field of special education especially in 
categorizing children with learning disabilities and 
recommending an appropriate technique to increase their 
quality of life. Systematic Literature Review (SLR) is 
conducted in this study in order to gather evidence on which 
the strengths and limitations of the existing computational 
techniques used in supporting special education domain are 
synthesized.  
The rest of this paper is organized as follows. Section II 
describes each of the process conducted in SLR. Meanwhile, 
Section III discusses the results and output of each of the 
process in the SLR. Finally, Section IV concludes with a 
summary of this paper and future research directions. 
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II. THE PROCESS 
 
A Systematic Literature Review (SLR) is a process of 
gathering evidence by comprehensively identifying, critically 
evaluating and interpreting available research related to a 
research question, topic area or phenomenon of interest [32]. 
Baumeister [33] suggests that to achieve a good systematic 
review, information should be analyzed first to get a precise 
method or technique and for a suitable output for the research. 
The guidelines and the systematic review protocol template 
as proposed by Ridley [34] is applied. It consists of several 
steps to follow including a comprehensive search, 
identification of inclusion and exclusion criteria to retrieve 
articles, critical evaluation of articles, data extraction, 
synthesis of evidence, recommendation and conclusion, peer 
review process, and lastly dissemination of the results and 
recommendation. The whole process of SLR is shown in 
Figure 2. 
 
Figure 2: Process of systematic literature review 
 
The need for conducting a systematic review is to identify 
to what extent computational approaches are integrated and 
applied in categorizing children with learning disabilities and 
recommending an appropriate technique to increase their 
quality of life. Thus, this process is intended to answer the 
following main research questions: 
RQ1. To what extent a computational approach facilitate 
and support issues in special education domain? 
RQ2. Are there any suitable solutions using 
computerization to help identify children with a learning 
disability? 
Each process in the systematic literature review has an 
output with an answer to the research question.  
 
A. Comprehensive Search  
The comprehensive search depends on a few factors such 
as the formulation of appropriate keywords, identification of 
types of database, date-based categorization, and a number of 
hints. Formulation of the appropriate search keywords is 
essential to optimize searching. In this step, the articles were 
firstly obtained using the following terms: 1) “education”, 2) 
“special education”, 3) “learning disability” or “learning 
disabilities”, 4) “dysgraphia”, 5) “dyslexia” and 6) 
“dyscalculia”. In addition, the conjunctions were used as 
advanced search by adding ‘OR’ or ‘AND’ between 
keywords. 
The comprehensive search strategy included an only 
electronic database. It refers to any organized collection of 
scholarly information that can be searched and accessed in 
the electronic format. It can be categorized into subscription 
and non-subscription databases. Subscription database is a 
fee-based scholarly information source (normally paid by the 
library) such as ScienceDirect, Scopus, Springer, ACM 
Digital Library and IEEE Explore. It deals with peer-
reviewed and published information including magazines, 
journals, proceedings, newspapers, e-books, encyclopaedia, 
and economic data. Meanwhile, the non-subscription 
database is a free access scholarly information retrieved by 
search engine such as Google Scholar. Table 1 shows the 
number of studies obtained from various electronic databases 
according to the related keywords such as “education”, 
“special education”, “learning disability”, “dyslexia”, 




Number of articles obtained from the electronic databases 
 
Keywords Journal Proceedings Books Report 
Education 5 160 000 2 850 000 5 100 000 5 430 000 
Special 
education 
1 660 000 1 160 000 1 460 000 1 620 000 
Learning 
disability 
95 200 19 700 39 900 95 000 
Dyslexia 24 200 15 600 18 500 20 800 
Dyscalculia 8 070 2 910 3 050 6 040 
Dysgraphia 5 490 1 970 2 730 4 700 
 
Date is one of the important criteria to categorize the 
retrieved articles. Date-based categorization was used to 
organize articles based on their published year.  
 
B. Inclusion and exclusion criteria to all retrieved 
articles and publications 
The identification of inclusion and exclusion criteria are 
necessary to obtain the desired information in order to prevent 
bias from a selection of articles and publications. The 
inclusion and exclusion criteria of the article are shown in 
Table 2. 
The articles were entitled for inclusion in the review if they 
represented peer-reviewed primary study on the 
computational method in the special education field, 
published in between 2009 and 2017, and written in English. 
Meanwhile, the articles were excluded if they were secondary 
studies, non-peer-reviewed, duplicated, non-English written 
and if they are not focusing on special education field. 
Inclusion and exclusion criteria were applied at two levels 
which are first, during reading the title and abstract, and then 
proceed by reading the entire article. All the articles and 
publications have titles, abstracts (for the paper journal), and 
contents. Some of the publication titles do not represent the 
content. Therefore, reading the abstract shows a summary of 
the publication’s content and furthermore, it can save time 
before reading the whole article. Besides, it helps us to 
understand what the publication is about and states the aim or 
purpose of the publication rather than reading the entire 
article to get information. 
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Table 2 
Inclusion and exclusion criteria 
 
Inclusion criteria Exclusion criteria 
 Primary studies  Secondary studies 
 Peer-reviewed studies  Non-peer-reviewed studies 
 Studies in special education field  Non-English written papers 
 Studies of computational method 
applied in special education 
 Studies that not in special 
education field 
 Study published between 2009 
and 2017 
 Studies that related with 
learning aid 
 English written papers  Duplicate studies 
 
Inclusion criteria are only used on the surface of the 
research to find related article in research scope whereas 
critical evaluation used deep in the research to analyze the 
content of the article in more detail. Critically evaluation is 
discussed in part C below. 
 
C. Critically evaluating articles read 
Approaches to reading and note taking include the reason 
for an efficient reading technique, the adoption of a critical, 
analytical, and evaluative approach to the text, strategies for 
note taking, techniques for writing an effective summary, 
ways of observing, and noting connections between different 
source texts. Reading can help to identify and understand a 
topic for the research. It can also help to find out what other 
researchers have been done in the field that supports the 
researcher’s views and arguments. 
Based on Ridley [34], a framework is known as SQ3R 
(Survey, Question, Read, Recall, Review) is adopted in this 
step. A survey was used to identify either the articles obtained 
were relevant to the conducted research or not. The process is 
to read the important parts such as the title, abstract, and 
conclusion of an article so the result of analyze can be done 
quickly. Those irrelevant articles were excluded. The second 
step is to relate to the research questions in order to identify 
either it is relevant to read for more details or not. The third 
is to read the article and to make the connection with other 
texts in others article that were read before. After reading the 
article, the last process is to recall and review the article by 
writing the main points and related data, and to summarize it. 
Mind mapping and table were used to summarize the article 
content. This technique is used to ensure the understanding of 
the article’s content and to remember it. 
The researcher needs to be a critical reader by reading 
actively and analytically, making connections with what 
he/she already knows, and evaluating the strengths and 
weaknesses of an author’s research and arguments [34]. 
 
D. Data extraction 
Data extraction was performed by collecting the data that 
related the current issues in special education. During this 
step, all the articles that published were analyze in terms of 
their strengths and weaknesses. From extraction of the data, 
articles are categorized based on the method used to classify 
children with learning disabilities. After that, the author’s 
name and most importantly, the year the article was published 
are recorded. The strengths and weaknesses of the article are 
added to analyze the article if it is able to offer an advantage 
to the researcher in finding a suitable method to classify 
children with learning disabilities. 
 
E. Synthesis of evidence 
Synthesis of evidence uses meta-analysis (synthesis of 
numerical result) and a narrative synthesis (qualitative data). 
It explores the personal perspective of the issue that arises in 
research and a final matrix where the data is compared one by 
one to get the findings. These combinations of the techniques 
allow findings from different types of research studies. 
 
F. Recommendation and conclusion based on Literature 
Review 
Based on the analysis of the literature review, the testing is 
conducted to get a preliminary result that can give an output 
to the research and it can be evidence that the method used is 
a suitable and accurate method compared to others based on 
previous research. A systematic literature review can provide 
data to analyze accurately based on the steps that were 
followed.  
 
G. Peer Review Process 
Peer review process is an important part of the process. It 
is a final draft of the article reviewed by peers before the 
article is published. This enables the researcher to get 
feedback related to the field. The quality of the systematic 
review is supported through the peer review process. Peer 
review is intended to ensure that the quality of journal 
articles, books, and web pages is maintained. It is important 
to make your own judgments. Supervisors or professionals in 
the field can give comments and recommendations to 
improve the article. After finishing the literature review, the 
article is accepted for publication.  
 
III. RESULT AND DISCUSSIONS 
 
Research in special education is lacking and not many 
researchers are interested in this domain. In Malaysia, there 
is special education that educates special children in schools 
with special programs. Children who have a special ability 
need to go through a screening process by practitioners to 
identify the special problem. Practitioners normally come to 
school and carry out certain processes through which the 
teacher is able to identify students with problems in 
education, for example, problems in writing, reading, and 
other special problems. 
There is a problem in identifying children with learning 
disabilities. The main issue is the definition of learning 
disability itself which is confusing and unclear, making it 
difficult to classify [35] with implicit characteristics that have 
to be considered [13]. Another problem is the experts still use 
a manual process to identify the problem leading to increased 
manpower and time consumption [15],[16]. Identifying the 
children requires the help of experts given their knowledge 
and experience. Based on these problems, SLR was used to 
get in depth information by analyzing previous researches in 
the special education domain and to find a suitable solution 
using a computational approach. 
The systematic literature review went through each process 
to get the required output. Step one was to do a 
comprehensive search. Six electronic databases were used to 
find articles and to extract data for the research. The resources 
are IEEE, ScienceDirect, Scopus, Google Scholar, Springer 
and ACM digital library. From these resources, the outputs 
were articles, reports, journals, web pages, manuscripts, and 
books that could be used as references for the research [36]. 
The main keyword search was ‘special education’ followed 
by the keyword that had the same meaning as ‘special needs’. 
Other keywords are as shown in Figure 3. All the connections 
as shown in the figure are related to special education as a 
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type of special education. Based on the analysis, there are 
many problems with a learning disability. Thus, the next 




Figure 3: Hierarchy of education 
 
It goes in-depth into types of learning disabilities based on 
the analysis of the data. The keyword focused on three types 
of learning disability namely dysgraphia (problem with 
writing), dyslexia (problem with reading), and dyscalculia 
(problem with mathematics). The scope was decreased based 
on the amount of data retrieved during the internet search as 




Figure 4: Domain to search 
 
In the special education domain, there are different 
techniques or methods that use computational approaches to 
classify, screen, identify tools used for learning and devices 
used for special education, and more. Based on the findings, 
there are many methods in the expert system area, ontology 
area, and the use of normal techniques to identify and 
recommend tools to use in special education. The similarities 
and differences among the expert system, ontology, and 
normal technique were compared to find out the method with 
the most advantages. 
Step two (2) was to identify the inclusion and exclusion 
criteria of all the retrieved articles and publications. The title 
or the keywords in the articles might have terms such as 
special education, special children, problems in special 
education, etc. The data from the search is shown in Table 3. 
Based on the data, special education needs more focus on 








Author & Year Aim 
Development 
disorder 
Peleg et al. (2009)[7] 






Hernandez et al. (2009) [8] 
Diagnose of Learning 
difficulties in children’s 
basic education 





David and Balakrishnan 
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Learning Disabilities 
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Wu et al. (2011) [13] 




Chea et al. (2012) [14] 







Dyslexia Ekhsan et al. (2012) [16] 





Martins et al. (2013) [17] 
Screening for motor 















David and Balakrishnan 
(2014) [20] 
To predict the learning 








After that, all the collected articles are critically read and 
evaluated to identify and understand the articles. The 
understanding must be critical in order to get precise results 
from the reading. Based on this evaluation of reading, there 
are problems faced in special education especially in learning 
disability. Therefore, the research should be in that area to 
propose a solution for the problem. 
Table 4 shows the analysis of the literature review that was 
done by focusing on the current problem in special education 
that is to identify the strengths and weaknesses of the 
research. 
Next step is to extract the data from all the articles that have 
been collected. Based on Table 4, the strengths and 
weaknesses of the articles were analyzed. The table shows 
that research on the learning disability domain has attracted a 
lot of attention from previous researchers. After that, the data 
is extracted and categorized as a normal method, an expert 
system, and ontology. These three methods are used to 
identify children with learning disabilities or to categorize 
them into three (3) types of learning disabilities (dyslexia, 
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Table 4 
Analysis of the literature review 
 
Author & year Strength Weakness 
Peleg et al. (2009)[7] - 
All of the real data 
are from same 
institute 
Hernandez et al. 
(2009) [8] 
Analyze and identify 
student problem in 
academic 
- 
Palacios et al. (2009) 
[9] 
- 








rules and removes 
irrelevant attributes at 
a stage prior to a tree 
induction 




Muangnak et al. 
(2010) [11] 
- - 
Kohli and Prasad 
(2010) [12] 
Saving time and 
resources 
- 
Wu et al. (2011) [13] - 
Not accurate and 
inefficient in time 
Chea et al. (2012) 
[14] 
Good to classify and 
identify line that 
involve straight line 
input 
Not improved in 
analyzing curve 













compared to manual 
- 
Martins et al. (2013) 
[17] 
- - 
Kassahun et al. 
(2014) [18] 
- - 
Facoetti et al. (2014) 
[19] 











All the information, such as the area of research, type of 
sample used, methodology, technique of evaluation, type of 
participant, and related matters, was recorded. This will help 
the researchers to analyze the data and to check if the article 
is related. The data was saved as a table to get a different view 
of the publications and to identify the gap in the research 
among the articles. Thus, how is it related? It should answer 
a research question. Figure 5 shows the subject that was 
focused on the learning disability domain. 
Based on our findings on the existing literatures, none of 
the researchers have used the ontology method/model to 
classify children with learning disabilities. This helps to build 
a suitable model to classify children based on three (3) types 
of learning disabilities namely dyslexia, dyscalculia, and 
dysgraphia. It also helps in recommending an appropriate 
method for children with learning disabilities to their teachers 
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In addition, based on the research, the researchers were able 
to find other ontology with more techniques or methods that 
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used the expert system to classify people based on 
characteristics. A systematic literature review makes the 
output of the analysis more accurate compared to the normal 
process of carrying out a literature review, and it enables 
getting more details from the data about the area of research. 
It helps to create a well-organized literature review. The last 
step is to produce an article or technical report regarding the 
entire process of the systematic literature review. 
 
 




The process to do a literature review has to be systematic 
in order to get an accurate finding in the related research. A 
literature review may have to be regularly updated to get new 
information about the research (up to date) and to get new 
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